We have found 125 planetary nebulae (PNs) in NGC 891, using an [O iii] λ5007 on-band/off-band filter technique with the Faint Object Camera and Spectrograph (FOCAS) at the Cassegrain focus of the Subaru telescope, Mauna Kea. Radial velocities were measured for all detected sources, using a method of slitless spectroscopy which we briefly describe. The radial velocities allow us to study the motions of different stellar populations in NGC 891. The PN kinematics show rotation at large distances from the galactic plane. Of particular interest is the strong asymmetry of PN distribution at large height, which we interpret as two possible stellar streams that could be orbiting the galaxy at large angles to the main structure. These streams, if real, are probably remnants of a previous minor merging episode. This idea finds support in recent reports of clump-like, incompletely mixed structures from deep HST/ACS images of this galaxy.
INTRODUCTION
Planetary nebulae (PNs), due to their strong [O iii] λ5007 emission, can be easily detected in nearby galaxies up to distances of about 20 Mpc. Once detected, since their spectra show strong isolated emission lines and very weak optical continua, they are also ideal for kinematic studies with multislit or slitless spectroscopy, providing a valuable opportunity to trace the motions of low surface brightness stellar populations. Examples of this kind of work are Hui et al. (1995) , Méndez et al. (2001) , Méndez et al. (2009) , Romanowsky (2003) , De Lorenzi et al. (2009) , Merrett et al. (2003) , and Merrett et al. (2006) . NGC 891 is a nearby spiral galaxy that is almost exactly edge-on (i = 89
• ). This implies that, knowing the distance to the galaxy, the angular distance from each PN to the galactic plane directly gives the corresponding height z above or below the plane. The first discovery of PNs in NGC 891 was by Ciardullo et al. (1991) . They found 33 sources, 21 of which were more than 1 kpc distant from the plane. These authors attributed the high-z PNs to the outer bulge and halo of NGC 891, and used this as an argument favoring the universality of the PN luminosity function (PNLF) and its usefulness as a distance estimator. No radial velocities were measured.
The purpose of our work was to make a deeper search, all across NGC 891, enlarging the PN sample, and to provide radial velocity information for all detected sources, by using a slitless radial velocity method already tested and applied to elliptical galaxies (Méndez et al. 2001 (Méndez et al. , 2009 ). This would allow us to describe the motions at large distance from the plane of this galaxy, which cannot be studied using absorption-line spectra because of the extremely low surface brightness. Inspecting the results, we immediately noticed a peculiar distribution of radial velocities as a function of position. In this Letter, we describe the discovery, through PN kinematics, of possible stellar streams in NGC 891. In a separate paper (R. H. Méndez & H.-Y. Shih 2011, in preparation) , we will present a full catalog of the discovered PNs, with positions, photometry, rediscussion of the PNLF distance determination, and radial velocity information. In this Letter, we only present a description of the most interesting findings. Section 2 explains the slitless radial velocity method that we applied. In Section 3, we describe the observations. Section 4 describes the PN distribution, PN kinematics, and the evidence of the presence of stellar streams. Section 5 gives a summary of our conclusions.
SLITLESS RADIAL VELOCITY METHOD
A detailed description of this method can be found in Méndez et al. (2001) and Méndez et al. (2009) ; we will provide a summary here. PNs can be detected in the light of [O iii] λ5007 using the traditional on-band and off-band filter technique. Having taken the on-band image, insertion of a grism as dispersing element produces not only dispersion but also a displacement of all images. The dispersed images of PNs remain point sources, which permits an accurate measurement of the displacement. Calibration of the displacement as a function of wavelength and position in the CCD detector offers an efficient way of measuring radial velocities for all PNs in the field, irrespective of their number and distribution.
For the calibration, we use an engineering mask with a grid of pinholes, illuminate it with a Th-Ar comparison lamp, and take a pair of undispersed and dispersed images. Measurement of the undispersed and dispersed calibration images permits us to obtain the displacement produced by the insertion of the grism as a function of wavelength and position on the CCD. The slitless radial velocity calculation proceeds as described in Section 3 of Méndez et al. (2009) .
OBSERVATIONS AND DATA REDUCTIONS
Images and grism slitless spectra of NGC 891 were taken with the Subaru Faint Object Camera and Spectrograph (FOCAS; Kashikawa et al. 2002) on the nights of 2009 September 25/26 and 26/27, and 2010 January 6/7. Some clouds were passing during the first night, but the other two nights were of photometric quality, with no moon, and with a better seeing of about 0.7 arcsec. Two fields were observed, along the major axis, overlapping at the center of NGC 891. We will call these fields "northeast" and "southwest." Each circular field of view has a diameter of 6.5 arcmin. This field is imaged by two CCD chips (chip 1 and chip 2) of 2k×4k (pixel size 15 μm) with an unexposed gap of 5 arcsec between them. A combined image of our whole survey area is shown in Figure 1 . Two sets of data were taken for each field, northeast and southwest, one set per observing run, with each set of data consisting of one on-band image, one off-band image and two grism images. The on-band images use narrow-band filter N502, which is centered at 5025 Å and has a peak transmission of 0.68 and an FWHM of 60 Å, encompassing the redshifted [O iii] λ5007 line. The offband images were taken with the standard broadband V filter. Dispersed images were obtained by exposing through the filter N502 and an echelle grism with 175 grooves mm −1 , operating in the fourth order. In this way the echelle grism gives a dispersion of 0.5 Å pixel −1 . The exposure times were the following: 220 s for off-band images, 2400 s for on-band and grism images. A P.A. of 20
• was maintained throughout these observations. All images were binned 2×1 in the horizontal direction (perpendicular to dispersion) to increase the signal from the very faint point sources we wanted to detect, while not compromising the spectral resolution of the grism images. Calibration images were also obtained, using the engineering mask mentioned in the previous section and illuminating it with (1) the Th-Ar comparison lamp and (2) NGC 7293, a large nearby PN. We will describe the reduction procedures in a separate, more extended paper (R. 
DATA ANALYSIS

PN Detections
Planetary nebulae have strong [O iii] λ5007 emission and very weak continuum, and can be detected by blinking the onband, off-band, and grism images. A PN has to be present on the on-band image, completely absent on the off-band image, and present as a point source on the grism image. To enhance the visibility of the point sources close to the bright galactic plane, we divided each image by its smoothed medianed image. This smoothed image is constructed by replacing each pixel by a median of all the pixels that lie in a 17 × 17 box centered on the pixel to be replaced. Having obtained the enhanced image, we picked out the point sources on the grism images, looked for corresponding sources on the on-band images, and checked if they are missing in the off-band images. In this way we detected 125 PN candidates. We have confirmed the 33 sources reported by Ciardullo et al. (1991) . Our limiting m(5007) was 27.5. In a more extended paper, we will provide a catalog with all our detections and photometry, and we will present a redetermination of the PNLF distance to NGC 891. We will also provide a list of 12 sources we do not consider to be PNs, because they are not point sources, or are detectable in the off-band image, or have a widely discrepant radial velocity.
PN Radial Velocities
To ensure that our velocity calibration is reliable, we took a pair of dispersed and undispersed images of the engineering mask illuminated by a nearby PN with a large angular size, NGC 7293, which has a well-known radial velocity. We calculated the velocity of NGC 7293 from each pinhole. An average of all these individual pinhole velocities is in good agreement with the current best measurement, −27 km s −1 (Meaburn et al. 2005 ). In the extended paper, we will describe this quality control in more detail. Please refer also to Méndez et al. (2009) . We estimate that the uncertainty in FOCAS slitless radial velocities is not larger than 20 km s −1 (see Figure 6 in Méndez et al. 2009 ). We can also estimate our errors by using those PNs in our sample that lie in the overlapping region common to both fields, and thus have two independent velocity measurements. We have eight such cases. The comparison of those velocities shows an rms error of 24 km s −1 , slightly larger than the value quoted by Méndez et al. (2009) . The reason is probably that the northeast field image was affected by the poorer seeing that prevailed during the first night in 2009 September. The lower quality of the images translated into a less accurate measurement of the displacement. We have decided to ignore those eight velocities measured in the northeast field, because we have the more reliable velocities from the southwest field.
PN Positions
A catalog of all PNs, giving the x, y coordinates, R.A., decl., Jacoby magnitude, and velocity, is deferred to a more extended paper. We have defined the x, y coordinates in units of arcseconds and aligned with the major and minor axes of the galaxy. With R.A. = 02 h 22 m 33. s 4 and decl. = +42
• 20 57 as the origin, the x coordinate follows the major axis and increases as the R.A., and the y coordinate follows the minor axis and increases as the decl.
PN Distribution and Kinematics
First of all we show the x, y coordinates of all PN candidates in Figure 2 . The "zone of avoidance" is expected, because of the presence of obscuring dust near the major axis.
The next thing we notice is that there are PNs up to heights of 100 arcsec above and below the galactic plane. At a distance of 9.5 Mpc (intermediate between the surface brightness fluctuation and PNLF distances in Ciardullo et al. 2002) , 100 arcsec are equivalent to 4.6 kpc. The stellar population to which the PNs belong must have a large scale height. Using a simple exponential distribution, we can fit a histogram of the number of PNs as a function of the y coordinate, and doing so we find a scale height of 25 arcsec, equivalent to 1.15 kpc. This agrees quite well with a recent HST/ACS investigation of the structure of NGC 891 (Ibata et al. 2009 ), which revealed a thick disk component with vertical scale height 1.44 kpc, and with Merrifield (2010) who has also found the scale height of the PN in our target to be consistent with the thick disk in Ibata et al. (2009) . Other authors have also pointed out that, despite being called the "Milky Way twin," NGC 891 has a unusually extended halo. Oosterloo et al. (2007) studied the dynamics of the galaxy using HI observations and found the halo rotating up to ∼5 kpc above the galactic plane. Kamphuis et al. (2007b) observed the diffused ionized gas using Hα emission of NGC 891 and found similar rotation up to at least 3 kpc. What do the PN velocities tell us?
The plots of PN velocity versus x and y coordinates are shown in Figure 3 . The average velocity of all PNs is 538 km s −1 , and the average velocity of all PNs with |x| < 100 arcsec is 531 km s −1 . This agrees quite well with the galaxy's velocity of 528 km s −1 from the NASA/IPAC Extragalactic Database. The velocity gradient along the x-axis in Figure 3 indicates a rotation curve that is consistent with existing HI and Hα data (Oosterloo et al. 2007; Kamphuis et al. 2007b ). Since we have used different symbols for PNs within different ranges of y values, Figure 3 shows clear evidence of rotation up to ∼2 kpc above the galactic plane, again in agreement with previous measurements.
However, at more than 2 kpc from the plane, the PNs show something else: in Figure 2 we find an asymmetry in the spatial distribution of those PNs more than 2 kpc (45 arcsec) distant from the major axis. There appear to be an excess of PNs with very high y values at negative x, and a corresponding excess of PNs with very low y values at positive x. This is shown more clearly in the lower panel.
In the plot of velocity against y (Figure 3 ), we show how these two groups are moving. The group of PNs with y > 45 is receding from us, and another group with y < −45 is approaching us. The receding group is mostly located on the northwest side of the galaxy, and the approaching group is mostly located on the southeast side. The average velocities of these two groups are 633 and 436 km s −1 , so the difference of about ±100 km s −1 relative to the galaxy's velocity (528 km s −1 ) is much larger than the measurement errors. If there is no intrinsic asymmetry in the galaxy, the chance of this asymmetric distribution arising randomly is very small. We can demonstrate this by setting up a Monte Carlo simulation that mimics the overall distribution and total number of PNs observed. We first produced a randomly generated numerical simulation of 10,000 particles following an exponential profile with a scale height of 0.57 kpc and a scale radius of 4.19 kpc taken from the single disk-and-bulge fit to Two Micron All Sky Survey K-band surface photometry done by Ibata et al. (2009) . We then extracted 2000 sets of subsamples and observed the spatial distributions of each subsample. We estimated that the probability of seeing the observed asymmetry is less than 1%.
In summary: (1) our PN velocities confirm that there is a rotating stellar population up to about 2 kpc from the galactic plane, with a rotation curve consistent with that of the neutral hydrogen and the ionized gas. The rotation inferred from PNs shows no clear sign of slowing down at 2 kpc. (2) There are two PN groups, located at even larger distances from the major axis, and in opposite quadrants of the galaxy, rotating in roughly the same sense as the rest of the galaxy. This could imply global rotation of the galaxy beyond 2 kpc from the major axis or, more probably, because of the apparent PN excess and asymmetry, L100 SHIH & MÉNDEZ Vol. 725 stellar streams at more than 2 kpc away from the galactic plane. Let us review possible ways of explaining the asymmetry if we wish to support a more global picture. One could imagine patches of high-latitude dust producing extra extinction, which makes PN detection more difficult in the top right and bottom left quadrants, thus creating the illusion that there are extra PN in the other two quadrants. However, a study of dust distribution by Kamphuis et al. (2007a) shows asymmetry only along the major axis, and no asymmetry across the major axis. A 70 μm map from Whaley et al. (2009) shows major asymmetries further away from the plane, however there is no correlation between regions with extended 70 μm emission and our regions with "missing" PN. So we do not have evidence of the dust distribution required to explain the "missing" PNs in crossed quadrants. One could invoke a disk warp, but unfortunately there is no evidence of a warp (Morrison et al. 1997) .
Thus, we are more inclined to interpret the two "excess" PN groups as representing stellar streams that resulted from minor mergers. In the hierarchical scheme of galaxy formation, minor mergers are expected to contribute to the growth of large galaxies. Martínez-Delgado et al. (2010) have imaged stellar tidal streams in many nearby spiral galaxies, showing that these structures are common. Our high-z PN groups could then be remnants of past accretions that have not fully relaxed yet. These two groups of PNs can be interpreted to be separate stellar streams on opposite sides of the galaxy. However, since they display striking symmetry in position and velocity space, they might be parts of a single structure. Given their positions and velocities, they could belong to a "thick ring" rotating at an ∼20
• angle to the major axis. Up to a total of 15 PNs could belong to this structure. Since the total number of PNs we have detected is 125, this implies that the groups we have identified could contribute some 10%-15% of the total stellar population located away from the plane of the galaxy (extreme dust obscuration must be hiding a large number of additional PNs close to the plane).
Since PNs tend to follow the light of the stellar population they represent, we should expect to find some extra light associated with our PN groups. Estimating that any detected PN accounts for some 3 × 10 7 L , from 10 PNs we expect 3 × 10 8 L . This luminosity is spread across an area of about 50,000 square arcsec, which leads to an R surface brightness of about 25.5 mag per square arcsec. However, surface brightness asymmetry of this magnitude is apparently not detected by Morrison et al. (1997) , who measured the surface brightness profile of NGC 891 down to 26 mag. Further investigation is needed to confirm whether the excess in PN corresponds with any extra light. Ibata et al. (2009) , using HST/ACS data of NGC 891, have found several clumps of overdensities in stellar counts far from the galactic plane, which could be evidence of past minor mergers in NGC 891. Mouhcine et al. (2010) have also found large arcs and a thick "cocoon" extending up to ∼15 kpc vertically and ∼40 kpc radially in NGC 891, which may be further evidence of merging. Unfortunately, the HST/ACS data collected by Ibata et al. (2009) are concentrated in only one of the four quadrants we have discussed (the lower right quadrant in our Figure 2 ). It may be easier to find the required evidence buried in the kind of data presented by Mouhcine et al. (2010) .
CONCLUSIONS
We have detected 125 PNs in NGC 891 and measured their radial velocities. We have confirmed the 33 early detections by Ciardullo et al. (1991) . The distribution of PNs in NGC 891 shows a large scale height, which agrees with studies based on deep HST/ACS imaging of NGC 891.
The PNs in NGC 891 appear to be good tracers of the galaxy's dynamics: wherever there is additional evidence, for example, velocities from HI emission, the PNs give perfectly consistent information.
The most remarkable result of this work has been the discovery of strong asymmetry in the PN distribution at large heights, which may possibly be streaming motions in NGC 891 at large distances from the major axis. We can interpret the two moving groups as forming part of a "thick ring" orbiting at large angles to the main structure of NGC 891. These moving groups may be related to the existence of clumping and other inhomogeneities recently reported in NGC 891. In that context, our discovery, if confirmed by surface brightness studies, provides complementary kinematic confirmation of clumping. It is natural to interpret that such moving groups are a consequence of past minor mergers that contribute to the slow growth of galaxies.
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